
Site Investigation and Site Investigation and 
Subsurface Boring LogsSubsurface Boring Logs

Presented By:  Nathan JenksPresented By:  Nathan Jenks
WFLHD Geotechnical GroupWFLHD Geotechnical Group

February 2009February 2009



Presentation OutlinePresentation Outline

BackgroundBackground
Field Reconnaissance Field Reconnaissance 
and Investigation Planand Investigation Plan
Subsurface InvestigationSubsurface Investigation

Drilling MethodsDrilling Methods
Sampling TechniquesSampling Techniques

SPTSPT
Recovery and RQDRecovery and RQD

InstrumentationInstrumentation

Subsurface Boring LogsSubsurface Boring Logs



Why Perform a Site Investigation?Why Perform a Site Investigation?
Gain an understanding of the geology, geologic Gain an understanding of the geology, geologic 
process, and groundwater at a site and how it process, and groundwater at a site and how it 
impacts a proposed projectimpacts a proposed project

Allows for design and construction of:Allows for design and construction of:
CutslopesCutslopes
Embankments Embankments 
FoundationsFoundations
Retaining WallsRetaining Walls
Pavement StructurePavement Structure
Hazard MitigationHazard Mitigation
Material SourcesMaterial Sources



The site investigation, including The site investigation, including 
surface and subsurface exploration, surface and subsurface exploration, 
depends on the scope and goal of depends on the scope and goal of 
the project or project elementthe project or project element



Literature and Map Review Literature and Map Review 
Topographic Maps
Geologic Maps
Soil Survey Maps
Aerial Photographs
Other Pertinent Maps and Documents
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Field ReconnaissanceField Reconnaissance
Primary Objectives:Primary Objectives:

Assess geologic surface conditions Assess geologic surface conditions 
and geologic processes and geologic processes 
Expected subsurface conditionsExpected subsurface conditions
Plan subsurface investigationPlan subsurface investigation
Inspect roadway, retaining wall, Inspect roadway, retaining wall, 
bridge foundation, or other bridge foundation, or other 
structuresstructures



Field ReconnaissanceField Reconnaissance
Additional Objectives:Additional Objectives:

Preliminary material samplingPreliminary material sampling
Geologic mappingGeologic mapping
Slope assessment and rock structure mappingSlope assessment and rock structure mapping
Preliminary cross sections and measurementsPreliminary cross sections and measurements
Surface drainage conditionsSurface drainage conditions
Groundwater conditionsGroundwater conditions
Drilling AccessDrilling Access
Location of utilities or other impediments to Location of utilities or other impediments to 
subsurface investigationsubsurface investigation



Subsurface Investigation PlanSubsurface Investigation Plan
Location and estimated Location and estimated 
depth of borings or test depth of borings or test 
pitspits
Drilling methodsDrilling methods
Sampling methodsSampling methods
Access and clearing Access and clearing 
requirementsrequirements

Plan provided to Plan provided to 
Environment Group for Environment Group for 
necessary permitsnecessary permits
Drilling contractor or Drilling contractor or 
excavator hired and date excavator hired and date 
set for explorationset for exploration





Subsurface Investigation Subsurface Investigation 
ObjectiveObjective

Physical description and Physical description and 
extent of subsurface materialsextent of subsurface materials

Sample collection for Sample collection for 
description and testingdescription and testing

Estimation of engineering Estimation of engineering 
propertiesproperties

Location of groundwaterLocation of groundwater

Installation of monitoring Installation of monitoring 
equipmentequipment



Subsurface InvestigationSubsurface Investigation
A drill crew typically consists of a driller, a drill A drill crew typically consists of a driller, a drill 
helper, and a drill inspectorhelper, and a drill inspector

The drill inspector is a qualified geologist, The drill inspector is a qualified geologist, 
engineering geologist, or geotechnical engineer engineering geologist, or geotechnical engineer 
and is responsible for:and is responsible for:

Drill hole location, depth, and ensuring drilling Drill hole location, depth, and ensuring drilling 
objectives are metobjectives are met
Characterizing and classifying soil and rock materialCharacterizing and classifying soil and rock material
Sample selection and preparationSample selection and preparation
Continually logging the drill hole or test pitContinually logging the drill hole or test pit
Oversight of instrumentation installationOversight of instrumentation installation





Subsurface Investigation MethodsSubsurface Investigation Methods

Drilling MethodsDrilling Methods
AugerAuger
Hollow Stem AugerHollow Stem Auger
Casing AdvancerCasing Advancer
Wire Line CoreWire Line Core
Air RotaryAir Rotary
Mud RotaryMud Rotary
Cable ToolCable Tool
Becker HammerBecker Hammer
SonicSonic

Other TechniquesOther Techniques
Backhoe/Excavator Test Backhoe/Excavator Test 
PitsPits
Hand Probes and AugersHand Probes and Augers
Geophysical MethodsGeophysical Methods



AugeringAugering
Used primarily for roadway subgrade investigationsUsed primarily for roadway subgrade investigations
Typically 5 feet deepTypically 5 feet deep
14 inches outer diameter solid stem auger14 inches outer diameter solid stem auger
Material samples collected directly from hole or from auger fligMaterial samples collected directly from hole or from auger flightht
Pavement thickness measured directlyPavement thickness measured directly
Base, subBase, sub--base, and subgrade contacts assessed visually and with base, and subgrade contacts assessed visually and with 
driller assistancedriller assistance



Hollow Stem AugerHollow Stem Auger

Used in unconsolidated materials Used in unconsolidated materials 
during general explorationduring general exploration

Bridge FoundationsBridge Foundations

Retaining Wall ExplorationRetaining Wall Exploration

CutslopesCutslopes

LandslidesLandslides

8 8 ¼¼ inch outer diameter, 4 inch outer diameter, 4 ¼¼ inch inch 
inner diameterinner diameter

Allows sampling tools, Allows sampling tools, 
instruments, and other devices to instruments, and other devices to 
be lowered down center of augerbe lowered down center of auger

Source: Source: Bedient

 

et al., 1994.





Casing AdvancerCasing Advancer
Used in soil and weak rock during Used in soil and weak rock during 
general explorationgeneral exploration

Bridge FoundationsBridge Foundations

Retaining Wall ExplorationRetaining Wall Exploration

CutslopesCutslopes

LandslidesLandslides

Requires drilling fluidRequires drilling fluid

3 3 ½½ inch outer diameter, 3 inch inner inch outer diameter, 3 inch inner 
diameterdiameter

Allows sampling tools, instruments, and Allows sampling tools, instruments, and 
other devices to be lowered down center other devices to be lowered down center 
of casingof casing



Triple Barrel Wire Line CoreTriple Barrel Wire Line Core
Used in rock and other Used in rock and other 
nonnon--augerableaugerable materials materials 

Often used to continue hole Often used to continue hole 
after auger/casing advancer after auger/casing advancer 
refusalrefusal

HQ sized core is 3 HQ sized core is 3 ⅞⅞ inch inch 
O.D. and 2 O.D. and 2 ½½ I.D. I.D. 

Requires water for drillingRequires water for drilling

Continuous samplingContinuous sampling

Generally poor to no Generally poor to no 
recovery if not in rockrecovery if not in rock





Test Pits and TrenchesTest Pits and Trenches
Fast and inexpensive Fast and inexpensive 
Commonly used for:Commonly used for:

Locating shallow bedrockLocating shallow bedrock
Shallow foundation Shallow foundation 
investigationinvestigation
CutslopeCutslope investigationinvestigation
Subgrade investigationSubgrade investigation
Muskeg explorationMuskeg exploration

Depth limited to extent Depth limited to extent 
of equipment or depth of equipment or depth 
hole is able to stay openhole is able to stay open

Provides good view of Provides good view of 
subsurface materialssubsurface materials
Obtain samples of thin Obtain samples of thin 
critical surfacescritical surfaces



Hand Probes and AugersHand Probes and Augers
LightweightLightweight
PortablePortable
InexpensiveInexpensive

Investigation up to 15Investigation up to 15--20 feet 20 feet 
depending on soil typedepending on soil type
Material DensitiesMaterial Densities
Material Observation/SamplesMaterial Observation/Samples



IntermissionIntermission

http://constructionfun.files.wordpress.com/2008/11/sidewalk-split-in-half.jpg
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Material Sampling and InMaterial Sampling and In--Situ TestsSitu Tests

Disturbed SamplesDisturbed Samples
Used for index testsUsed for index tests

Grain Size Analysis, Specific Gravity, Grain Size Analysis, Specific Gravity, AtterburgAtterburg Limits, Moisture Limits, Moisture 
Content (sometimes used for disturbed (residual) strength testinContent (sometimes used for disturbed (residual) strength testing)g)

Undisturbed SamplesUndisturbed Samples
Used for strength, consolidation, and permeability testingUsed for strength, consolidation, and permeability testing

InIn--Situ TestsSitu Tests
Techniques to test soil and rock materials in the field, Techniques to test soil and rock materials in the field, 
primarily for density and/or strength  primarily for density and/or strength  



Sampling Methods and InSampling Methods and In--Situ TestsSitu Tests
Disturbed SamplesDisturbed Samples

Drive Samples, including Drive Samples, including 
standard penetration test standard penetration test 
(SPT)(SPT)
Hand Auger SamplesHand Auger Samples
Grab SamplesGrab Samples

Undisturbed SamplesUndisturbed Samples
Shelby TubeShelby Tube
Piston SamplerPiston Sampler
DenisonDenison
Pitcher SamplerPitcher Sampler

Rock CoringRock Coring

InIn--Situ TestsSitu Tests
Standard Penetration TestStandard Penetration Test
Cone Penetration TestCone Penetration Test
PressuremeterPressuremeter TestTest
DialometerDialometer TestTest
Vane Shear TestVane Shear Test

Source: tti.tamu.edu



Standard Penetration Test (SPT)Standard Penetration Test (SPT)
Open ended sampling Open ended sampling 
device driven into soil device driven into soil 
at specified depthat specified depth
Provides disturbed Provides disturbed 
sample of materialsample of material
Indication of material Indication of material 
densitydensity
ASTM 1586ASTM 1586



Standard Penetration TestStandard Penetration Test
Driven using a 140 lb weight falling 30 inchesDriven using a 140 lb weight falling 30 inches

Blows per 6 inch increment are recorded (10Blows per 6 inch increment are recorded (10--1212--10)10)
Final blow count (SPT N value) is the sum of the blow counts forFinal blow count (SPT N value) is the sum of the blow counts for the the 
final 12 inches (N=22)final 12 inches (N=22)
Refusal is considered 50 blows for less than 6 inches (N = 10Refusal is considered 50 blows for less than 6 inches (N = 10--1212--50/350/3””))

Used to estimate soil density, unit weight and material shear Used to estimate soil density, unit weight and material shear 
strength (chart below)strength (chart below)
Blow counts may be corrected for hammer efficiency and Blow counts may be corrected for hammer efficiency and 
overburden pressure [N to (Noverburden pressure [N to (N11))6060]]



Standard Penetration TestStandard Penetration Test

AdvantagesAdvantages
UniversalUniversal
SimpleSimple
InexpensiveInexpensive
Material sample and Material sample and 
density informationdensity information

DisadvantagesDisadvantages
Highly variable and Highly variable and 
inconsistentinconsistent
Developed for granular Developed for granular 
materials materials 
Very unreliable in Very unreliable in 
cohesive materialscohesive materials
Difficult to drive in gravel Difficult to drive in gravel 
coarser than about 1.25coarser than about 1.25””



Shelby Tube SamplerShelby Tube Sampler
Used to collect undisturbed samples Used to collect undisturbed samples 
of cohesive materialof cohesive material

2 2 ½½ inch O. D., 30 inch long, thin inch O. D., 30 inch long, thin 
walled metal tubewalled metal tube

Pushed smoothly and rapidly Pushed smoothly and rapidly 
approximately 24 inches into material approximately 24 inches into material 
at a specified depthat a specified depth

Capped to prevent moisture loss, Capped to prevent moisture loss, 
transported and stored upright, transported and stored upright, 
handled carefully to avoid disturbing handled carefully to avoid disturbing 
material material 



Rock CoreRock Core

Sampled using rock coring techniquesSampled using rock coring techniques
Typically drilled in 5 foot increments called runs (core Typically drilled in 5 foot increments called runs (core 
run lengths may vary)run lengths may vary)
Characterized, classified, and logged by drill inspectorCharacterized, classified, and logged by drill inspector



Recovery Recovery 
and RQDand RQD

RecoveryRecovery
Core Recovered Core Recovered 
/Run/Run

Rock Quality Rock Quality 
Designation Designation 
(RQD)(RQD)



Recovery and RQD TestRecovery and RQD Test

Core Run:  60 inchesCore Run:  60 inches

Recovery (sound pieces):Recovery (sound pieces):
3 inch piece3 inch piece
15 inch piece15 inch piece
2 inch piece2 inch piece
5 inch piece5 inch piece
3 inch piece3 inch piece
10 inch piece10 inch piece
2 inch piece2 inch piece

Recovery = Recovery = 

67%67%

RQD = RQD = 

50%50%



Weathering and StrengthWeathering and Strength



InstrumentationInstrumentation
MovementMovement

InclinometersInclinometers
ExtensometersExtensometers
TiltmetersTiltmeters
Strain GagesStrain Gages

Settlement/PressuresSettlement/Pressures
Settlement CellSettlement Cell
Load/Pressure CellsLoad/Pressure Cells
ExtensometersExtensometers

Groundwater LevelsGroundwater Levels
PiezometersPiezometers



Boring Boring 
LogsLogs



Top and Bottom SectionsTop and Bottom Sections



Example Log in Soil MaterialExample Log in Soil Material



Example Log in RockExample Log in Rock



Questions?Questions?
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